An oligosaccharide purified from a major penta-to hexa-saccharide fraction of human meconium glycoproteins has been shown by m.s. and n.m.r. analysis to have a novel backbone structure containing an internal galactose residue monosubstituted at C-6 by N-acetylglucosamine:
INTRODUCTION
Mucin-type glycoproteins are a rich source of oligosaccharides of oncodevelopmental type, i.e. antigens of foetal origin that accumulate in human tumours (Feizi et al., 1984) . The relative abundance of mucin aligosaccharides has allowed for detailed structural and antigenic studies that have led to the characterization of the blood-group antigens as peripheral glycosylations that mask antigens (e.g. Ii) expressed in backbone regions (Kabat, 1973; Watkins, 1980a,b; Hounsell & Feizi, 1982; Feizi et al., 1984) . In the absence of peripheral substitutions, epitopes on the backbone and core-region oligosaccharides are revealed (e.g. the Ii antigens and the receptor for peanut lectin). The antigenic changes in both normal development and oncogenesis can occur by either incomplete or extended oligosaccharide chain biosynthesis (Feizi, 1985; Hakomori, 1986) .
The present study forms part of a programme to characterize oligosaccharides of oncodevelopmental type from meconium glycoproteins that are representative of human foetal gastrointestinal mucins. Earlier studies of the mono-to tetra-saccharides of a blood-group-O meconium pool revealed the presence of two core-region sequences not found so far in other human mucins, GlcNAc/J1-6GalNAc-ol and GalNAcal-3GalNAc-ol (Hounsell et al., 1985; Feeney et al., 1986) . The present paper reports the identification of a novel backbone sequence having an internal galactose monosubstituted at C-6 by N-acetylglucosamine.
MATERIALS AND METHODS

Oligosaccharide isolation
Glycoproteins were prepared from a blood-group-Oactive meconium pool as described previously (Hounsell et al., 1985) . The glycoproteins were depleted of Ii antigenic activity by immunoaffinity chromatography and defucosylated by mild acid hydrolysis (0.05 M-H2S04 at 100°C for 1 h) in order to reduce the oligosaccharide heterogeneity. Oligosaccharides were isolated by mild base/borohydride treatment (0.05 M-NaOH in 1 M-NaBH4 at 50°C for 16 h) and separated on a BioGel P4 column (Hounsell et al., 1985) . The oligosaccharides NI and K2(4) described in the present paper were purified by h.p.l.c. from fractions N and K, which were eluted from the Bio-Gel P4 column in the regions of 7-8 and 10 glucose units respectively. The purification and structural assignment of oligosaccharide NI, Gal, GalNAc-ol, has been reported previously (Hounsell et al., 1985 from Ciucanu & Kerek (1984) as described previously (Scudder et al., 1987) , and a sample was analysed by positive-ion l.s.i.-m.s. with the same matrix. For methylation analysis (Hakomori, 1964; Lind- Vol. 256
Abbreviations used: l.s.i.-m.s., liquid-secondary-ion mass spectrometry; e.i.-m.s., electron-impact mass spectrometry; COSY, correlated spectroscopy. § To whom correspondence and reprint requests should be addressed. 1410.7, 1380.7, 1206.6 (Ferrige & Lindon, 1979) . Proton assignments were made from the onedimensional spectra, spin decoupling and phasesensitive COSY experiments carried out with a 'doublequantum filter' and phase cycling (Piantini et al., 1982; States et al., 1982; Marion &-Wuthrich, 1983 
RESULTS
Oligosaccharide K2(4) made up approx. 1000 of the penta-and hexa-saccharide fraction K and hence represents approx. 1 % of the oligosaccharides from the meconium pool studied (Hounsell et al., 1985 6/3GalNAc-ol Gali-4GlcNAc1-6Gal lI
The 500 MHz 1H-n.m.r. spectrum of oligosaccharide K2(4) is shown in Fig. 3(a) with the 'H-'H homonuclear COSY spectrum (Fig. 3b) , from which a near-complete assignment of the signals could be made. The chemical shifts and coupling constants are given in Table T together with the chemical shifts for the major tetrasaccharide of meconium glycopeptides designated NI, Gal,i1-4GlcNAc,8l-6(GalIJl-3)GalNAc-ol (Hounsell et al., 1985) , for which a near-complete proton assignment has now been achieved by using a COSY experiment (spectrum not shown). For oligosaccharide K2(4) the proportions of the ,? anomeric signals at 4.45-4.6 p.p.m.
were shown in the non-deconvoluted spectrum to be 1: 1: 3, the first two signals having the coupling constant indicative of an N-acetylglucosamine residue (8.3 Hz) and the third signal that for galactose (7.8 Hz). The Vol. 256 Table 1 . Chemical shifts and coupling constants of the hexasaccharide K2(4)-and the tetrasaccharide Ni from meconium glycoproteins Chemical shifts are given in p.p.m. from sodium 4,4-dimethyl-4-silapentane-I-sulphonate. Symbols: 0, Gal-,81-4; [1, GlcNAc,81-6; *, Gal,81-3; 4), GaINAc-ol.
-, Not determined.
K2(4) NI
Chemical shift Coupling Chemical shift
Gal/?l-3 H-I saccharide K2(4) are in closest agreement with those given by Van Halbeek et al. (1982) for a monosaccharide of pig blood-group-H gastric mucins with the structure:
GlcNAc81V\6
Fucal-2Gal,fl-4GlcNAc, fl36 GalNAc-ol Galfll .
It is thus concluded that oligosaccharide K2(4) has the sequence:
Galfll-4GlcNAc,/1 '6 3GalNAc-ol Gal, and it is suggested that in solution the conformation of oligosaccharide K2(4) and the nonasaccharide shown above is such that the Gal,/1-4GlcNAc sequence joined by 1-6 linkage to galactose lies in close proximity to the N-acetylgalactosaminitol and hence perturbs the shielding of H-3 and H-5 'of 'N-acetylgalacttos'aminitol, compared with the tetrasaccharide Ni for example where there is no substituent on the Gal,Jl-3GalNAc-ol branch.
Comparison of the chemical shifts for the N-acetylglucosamine residues in oligosaccharides K2(4) and NI (Table  1) and of their molecular models suggests that it is the C-I and N-acetamido region of N-acetylglucosamine linked /11-6 to galactose in oligosaccharide K2(4) that interacts with the face of N-acetylgalactosaminitol bearing the H-3 and H-5 protons.
DISCUSSION
The unique feature in oligosaccharide K2(4) of an unbranched GlcNAc,l1-6Gal backbone sequence in the absence of a GlcNAc,/1-3 substituent is analogous to the previously reported GlcNAcfll-6GalNAc-ol core of meconium glycopeptides (Hounsell et al., 1985; Feeney et al., 1986) , which again occurs in the absence of the normally found GlcNAc,1l-3 substituent. The identification of these novel oligosaccharides throws open speculation as to whether the GlcNAc,81-6Gal/GalNAc sequence represents a new biosynthetic step and casts doubt on the generally accepted dogma that the 1,6-Nacetylglucosaminyltransferases are branching enzymes acting on an already 3-substituted galactose or Nacetylgalactosamine residue.
Other explanations are possible and include digestion by gastrointestinal glycosidases, bacterial degradation and chemical breakdown during the isolation procedure. However, these processes are thought to be unlikely to account for the novel oligosaccharide sequences because of the relatively large amounts of these oligosaccharides found, the supposed lack of bacteria in the foetal gastrointestinal tract and the generally greater chemical stability of 1-3 linkages compared with 1-6 linkages.
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